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MTHE ALCOA RAM FASTENER - A REUSABLE BLIND RIVEI™ ™

ABSTRACT

Results of tensile, shear, fatigue and accelerated
wéathering tests are presented'for the Alcoa Ran Faétener, a
reusable, single-unit b%ind rivét. The effects of variations'
in hole size, grip length and sheet thickness onistrength
properties of the fastener were determined. The test results
show these fastenerskto have strength characteristics suitable
for light structural applications. Exposure to accelerated

weathering did not impair thelr performance.



™THE ALCOA RAM FASTENER - A REUSABLL BLIND RIVET"

I. Introdugtion

The Alcoa Ram Fastener is_a drive-pinkor push-stem
type of blind rivet consisting of a nylon plastic jacket and
an aluminum alloy locklng stem. One outstanding feature of
this fastener 1is that, after being installed, it can be easily
removed with simple tools. Another feature, which 1s unique,
is that it can be used.over and over again. The fastener,
therefore, should be ideal for applications where frequent
disassembly and reassembly of a unit are necessary, but where
high structural strength is not a requirement.

This paper describes the Alcoa Ram Fastener and
recommends installation procedures. It also provides engineering
data to assist designers in the consideration and evaluation
-of this fastener. Results of tensile, shear and fatigue tests
of joints are shown. Data are also presented on the effects

of accelerated weathering tests on the performance of the fastener.

II. Description of Fastener

Figure 1 shows the two components of the Alcea Bam
Fastener: The aluminum locking stem and the nylon Jacket.
The stem is made of aluminum alloy ZOéU-TH, a high-strength
‘alloy commonly used for ﬁhreaded fasteners. The Jacket 1is
made of Dupont Zytel 71G, a 33% glass reinforced nylon.

Figure 1 shows the Alcoa Ram Fastener in both the. "open" and



"installed" positions. It is supplied to the uservwithlfhe '
stem and jacket assembled, in the open position. At this
point it is a single-unit.blind rivet; the stem and jaclket
cannot be sepérated wishout destroying one or the other. In
the open position the fastener is either ready_fbr installation
or, after it has been installed, ready for removal from the
work?iece. ) | |
Figure 1 shows several additional features of the
Alcoa Ram Fastener. The conteurs of the split'ordexpahsion’end
of the Jaéket, and the‘bulb'machined on the end of the stem,
are designed to facilitate insertion into the hole After
the fastener is placed in a hole, it is driven by pushirg the
stem with either thumb pressure or a hammer. In this position‘
the disc on the head Bf the stem 1s seated in a recess rolded
in the head of tﬁe Jjacket, and the slotted end of the Jécket has
" been expanded to form the blind head. The purpose of the disc
on the stem is to remove the fastener from its ihstalled poSitien.
The groove molded inte the head of the jacket provides access for
a plierelike-ﬁool (or even a small screwdriyer) to grésp the dise
and pull the stem until the fastener 1s in the open position.
The fastener can now be removed, intact and ready for reuSe, since
with a slight time delay the ﬁylon Jacket recovers 1ts initial
shape. 1 |

Current production of the Alcoa Ram Fastener is

confined to two diameters, /16 and l/ﬂ in., and for both

sizes, lengths to accommodate grips ranging from 0.100 to

7L4<




it

0.500 in., in ircremen*s < 0.050-in. is indicated in Fiz. 1,
it is recommended that =z fzstener made * o2 acccn

mrmodate a
no~inal grip thi;kness ze used in jJoint ;hick:esées within

+ 0.025 in. of tre nominal value. For toe tests descritez
herein, fasteners deéigned for grip thic;nesses considersZ as
short (0.150 in.), medium [0.350 in.) ari lorg (0.600 in.)
were used.

The‘suggested or "recommended" hole Ziameters Zor
the Alcoa Ram Fasteners zr=2: 0.187 to €.192 in. for the 3/16-in.
size and 0.250 tc 0.255 ir. for the 1/4-2n. size. The iritial
development work and evzluztions indicatsd that best overzll
performance, froxw the starnipoints of clg:piﬁg action and strength,
was obtained when these hcie sizes were used. To show tzz effect

of hole diameter on tensils and shear strengta, tesfs wers nade

with "oversize" holes, rorinally 0.010-in. larger than tre

fastener nominal dlanmeter. Actual diamecers of the oversize

holes were from 0.197 to 0.202 in. for tze 3/16-in. size znd
0.260 to 0.265 in. for the 1/4-in. size.

III. Engineering Properti=s

Figure 2 illustrztes some types of zrplications

envisioned for the Alcoa Rzm Fastener. 2ulte often there 1s a

strength requirerent at<eniant to such arplicztions. The tests

conducted at thé Alcoa Fes=arch Laboratories were made to provide
basic information that would be helpful ©o an engineer or

designer.?
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_ The results of tests to determine the tensile load
carrying capacity of 3/16 and 1/L4-in. diameter Alcoa Ram
Fasteners are summarlzed in Figs. 3, 4 and 5. At least
five tests weré made for each test condition plotted in these
figures. 1In all of the tenslile tests fallure occurred in the
nylon jacket, not in the aluminum stem. Two kinds of failures
occurred. In some céseé the expanded, slotted end of the nylon
Jacket was sheared off by the test fixture. 1In other cases
fhe fallure was at the juncture of the head and the body of
the jacket.

Thé results plotted in Fig. 3 are for tensile tests
made using recommended hole diameters. The average tensile
breaking loads for the 3/16 and 1/4-1in. diameter Alcoa Ram
‘Fasteners were about 100 ib énd 180 1b, réspectively.. For
both dlameters the fasteners with the shortest (0.150 in.) grip
’length gave the lowest tensile bfeaking loads. Included in
the results shown in Fig. 4 are tests of fasteners that were
réused fiffy times before testing. No difference was observed
in the strength of these fasteners and of those used bnly“once.

Figures 4 and 5 compare the tensile strengths of
fasteners tested with recommended and oversize holes. For
both sizes the use of oversize holes tended to decreaée tensile
stfength. The average loss, however, was much greatér for the
3/16-in. size than for the 1/4-1in. size, 43 1b or 43 per cent

versus only 15 1b or 8 per cent, respectively.
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Results of the shear tests made of Alcoa Ram Fasteners
using .steel fixtufés are summarized in Figs. 6, 7, 8 and 9. Not -
less than five tests were:ﬁade for each condition shown in
these figures. All fallures were by shearing of the nylon
jacket. VWhen this occurred, the compressive CIampihg action
was released and the'jo%ned members spread apart. Therelwere.
no shear failures of the aluminum stem.

The shear strength results shown in Figs. 6 and 7 were
obtained using steel'test fixtures prepared with recommended
hole diameters. Average single—shéar values obtaiﬁed'at the
three grip lengths ranged from 185 1b to 370 1lb for the
3/16-in. size and from 265 1b to 560 1b for the 1/4-in. size
fastener. The wide variance in single-shear sﬁrengths for both

sizes isﬁfhe result of having to use different thicknesses of

 plate for the different fastener grip lengths. Figure 7 shows

that the effect waé not nearly so drastic in tests where the
féstener was in double shear.

The data plotted in Figs. 9 and 10 show tha; over-
size holes also tend to reduce shear strength of Alcoa Ran
Fasteners. dn the average, the loss from the shear strength
values obtained using recommended hole sizes for both”fastener
diameters was about 10'per cent for the 0.150-in. grip length
fasteners and about 20 per cent for the 0.600-in. grip length
fasteneré. |

Fatigue strength data were obtained u%ing single-lap

.specimens joined with 3/16-in. diameter Alcoa Ram Fasteners The
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specimens were made of 0,080-in. thick aluminum alloy 3003-H1A4

sheet and employed the recommended hole size. The fasteners
were designéd to accommoddte a nominal 0.150-in. grip thickness.
The test_setop and jolnt diménsions are shown in Figs. 10 and 11.
Fatigue tests were made of ten.Specimens, two of which were
subjected to 500 hours of continuous salt spray prior to testing.
The tests were made in a 5 kip Krouse fatigue testing machine.
In these tests, a specimen was considered to have falled, even
though still intact, when it‘cOuid not maintain the initial
test load because of wear of the nylon jacket. ' The results
'-plotted in Fig. ll'show that the specimens loaded to half the
static failure load gave fatigue 1ives on the order of 5 million
cycles. This compares favorably with data obtained at Alcoa
Research Laboratories for other types of fasteners under
_similar conditions of test. - It should be noted that the
exposure to éalt spray prior to testing had no adverse effect
on fatigue strength. |

Both aocelerated and long-time corrosion test programs
‘are being employed to determine'the effects of "weathering" on
the perforﬁance of Alcoa:Rém Fasteners. For the accelerated
tests, two kinds of exposures were used. One was a Weather-0O-~
ﬁeter and the other a Salt Spray Test. For the long-time tests,
exposures will be outdoOrs for several years at two locations:
New Kensington, Pa. (industrial atmosphere) and Point Judith, R. I.

(seacoast atmosphere).
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The Weather-O-lieter test consists of ten two-hour
exposure cycles per 24-hour period. In ezch cycle the specimensf
are exposed to ultravioleﬁ light for the two-hour period, with
a de-ionized water spray during the last 18 minutes. The test
temperature is a constant 1k5°F, 1In this test individual
fasteners (in both the‘open and installed rpositions) and fasteners
installed in lap joints of aluminum aller 3003-H1Y sheet were
exposed for total periods of 103 and 500 hours. After exrosure
for up to 500 hours, the individual fasteners'were installed
and removed 50 times without any.indicétion of-failuref Cnly a
slighg whitening of the black nylon plastic indicated some nild
surface degradation, but this had no adverse effect on performance.

The salt Spray test consists of a continuous.spray
of 5 per cent NaCl solution at S5°F for 500 or 1000 hours.

- In this test the fasteners were installed in lap Jolnts of
either aluminum alloy 3003-Hl4 or painted steel sheet.
Examination of specimens after 500 and 1000 hours exposure
revealed only mild corrosive attaék on thre QOZH—TM locking stems
inside the nylon sleeves, which were. unaffected. As mentioned
previously, 500 hours exposure time had no~advefse efrect on the

fatigue strength of lap joints rade with a2lloy  3003-H1ll4 sheet.

IV. Summary

The information in this papcr shows that the Alcoca

Ram Fastener has strength characteristics suitable for
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light structural applications. The tensile and shear strength
values given should serve as a gulde to the designer for hié
particular strength requiréments. Cptimum strengths, as

would be expected, are obtalined when hole clearance is kept to

a ninimum and the ratio of the fastener diameter to the least
thickness of sheet being joined is about 1. Excellent
resistance to loosening.by vibration was demonstrated by the
long fatigue lives obtained in the lap Jjoints tested at a
maximum load equal to half the static strength. The accelerated

corrosion test results confirmed the re-usablllty feature, even

after exposure to rather severe environments.

7R0<




-
£

0
M
NOILISOd G3TTV.LSNI zo_:mon_ N3dO
13axove
o——— NOTAN
 an 1
/77] szo ._
A A dIHD
=== b 301A30
ONINDOT m
- ==—— WANINNTY N

AT9NISSY HINILSV4 WvH VOOV

oy,



YANILSV4 Wvd VOOV 3H

Fig. 2

| ¥O4 SNOILYOITddV TVOIdAL INOS

‘S|e1Ia}BU 1SBUUIUL
ayy uaaa Bunioisip

INOYIIM S|ELISJBW JO8UUOD
|IIM S18UISed wey BodjY

uoissaidwod poov

*s90B}INS paysiulj O}
abewep |00} sajeUlWld
uojje||elsut jo ased
saoeuns

paysiwaiq ON

‘subisap

pajeoijdwod ul uonn|os
B 19}JO S19ud)se ] wey
Alquiasse

ul a|qixaid

.:.0_553 Jopun A18in29s spioH

jooxd-axeys

Buunjoel) 10 UO

‘|euajew Jo
o1s1p Jo Jebuep sadonoaY

sjenajew ajediap Jo apibesd

—/

A

R 1

*sjelajew
asay) ul Bujualsey
syuwsad ubisap jeioads
sojisodwod pue
solseid ‘poom ul

" glaudjseq wey

*9pIs auo
wo4} Ajisea sjieisu|
suoneosijdde pullq
uj siaudjsedy wey

-uoissesdwod

Kq sdub ‘feraw

puokaq spuedxa ja)oefr
suojjesyjdde jaays

uj sisuajsed wey

N
N

%
%

~.

N
S
~
~. =2

N

o<



\«xiy

Fig.

SY3IN3ILSVY WVY VOOV 4O HLONIYLS 3FTNSNIL

'NI*HLON3T dI¥9 |
090 0S50 O¥0 O0£0 020 010

0L0
1 | T I I 0
_ 3 4 o
m E * ov
. m
. y
= -4 08 r
. . m >
/ﬁ NN @
NN m
= -~ o021 &
"v1Q "NI-91/¢ . S
_ ool ©
A A
/. S 77 | r~
_ /) \\\ | 400z ©
'V1Q ‘Ni- /1 |\
1 1 | L . | o2



e

120 7 I — T

T .NSILE BREAKING LOAD, LB

|
2 7
100 - %//f /// ~
o N 0.187-IN. DIA. HOLES
g0 - '~
N
ol @ Y -
40 - \ | -
- ‘ 0.I97-IN. DIA. HOLES
20 - -
0 L l | I | ! I

010 020 030 040 050 060 070
 GRIP LENGTH, IN.

EFFECT OF HOLE SIZE ON TENSILE STRENGTH OF
3/16 -IN. DIAMETER ALCOA RAM FASTENERS

| 7R4<



T 'NSILE BREAKING LOAD, LB

220 1 T ] ] L
0.250-IN. DIA. HOLES

200 |-

180 |

160 -

J
B

| ~ 0.260- IN. DIA. HOLES
40 _§ _

120 |- | o —

))
\ ¢
2)
A3

0 | l | | |
0.10 020 030 0.40 0.50 060 070

" GRIP LENGTH, IN.

EFFECT OF HOLE SIZE ON TENSILE STRENGTH OF
- 1/4 —=IN. DIAMETER ALCOA RAM FASTENERS

2=

. Mg, 5



600 — = l —

<
k\\

I/4=IN. DIA. SIZE
500 |- , ' =

"NGLE SHEAR LOAD, LB

/
400 Z -
300 (7 - \-
) | 3/16~IN. DIA. SIZE
7. |
200 MR . ~056 |
/
| - I
100 | | T —~
0.5 G—/
o) ] | { | |

010 020 030 040 050 060 070
GRIP LENGTH, G, IN.

SINGLE - SHEAR STRENGTH OF .ALCOA RAM FASTENERS

72b<

Fig. 6



| *SYINILSV4 WvH VOOV 40
HLON3YLS HV3IHS NO SSINMOIHL L33HS 40 103443

170 *SSIANMIIHL L3I3HS O1 ¥3L3WVIA ¥Y3INILSVH 4O OlLvY

Obp G&¢ O€ g2 02 S 0Ol S0
| | ! | | 1 I 09
mVlv-llnll “ N
= | |W.lo, Bw So. NI i.aw: 0%
4V3IHS 3TONIS SQ (@)°via-'NI-9l/g O
\
| \ 4 |
i Al...NLl m.l..l..v N - ov
} \ |
\
- \ - o¢
\
¥VIHS 378Nn0Q0 ]
B “ . - o2
- * | —H o1
_ _ <04 0

%‘'HLON3HLS ¥VIHS NI NOILONG3Y

vei<

Fig. 7



SHINILSV4 WYY VOOV 43aL3WvId 'Ni-9l/¢
40 HL9N3Y1S 4VIHS NO 3ZIS 370H 40 103443

‘NI ‘HLONIT dI¥9
00 090 O0OS0 Ob0 OE0 020 OI0
. 0
i i ] i |

3\

- | o .%-o&
_ | %\Huoom

H ‘Ni=-L61°
i \mm._o VA ‘NI-261'0 - osz
d
5 @ : - Oom
\.wu._oz V10 'Ni- 281'0
I . - osg
_ | _ _ L 1 ooy

a1’ avon | YV3IHS -31ONIS

28<

Fig., 8



SYINILSV4d Wvd VOOV Y3L3WVIA 'Ni-¥/I
40 HLONIYLS YVIHS-3TTONIS NO 3ZIS 370H 40 103443

‘NI ‘HLON3T di49 |
0LO0 090 0S0 ObO O0EO0 020 OI0 -
, 0
! | ! ! {

L , - oo1
- . 4 ooz

- | . -{ oo¢
S3710H VI 'NI-092°0

- 00V

\i $3710H 'VIA'NI-0620 . = 00§
e |
S | |

Fig. 9

720<

g1°avo1 ¥v3HS- 39NIS

£






SHINILSV4 WvYH VOOV ONINIVANOD SLNIOP dv71 40 SLS3L 3NOiLvd

40!

o]

S37T0AD
¢O!

40!

Ol

~ - SS3ULS XVW

LLILILILINL LI LE LI I U Y L D I

it i

E T

TN

- ONILS3L Ol HOI¥d AVYHdS 1VS
SHNOH 00§ OL Q3SOdX3 SNIWIDILS

,OSI0 X 'Vig 91/

-H3N3LSVH

biH~-€00¢ ,0800
.133HS

S
kiz/Hmzrd

P o . w— omrn a

TN

0

- 0S

— Gl

731<

- 00l

a1 ‘avon

- gz

,;mon_

JlLvls

< cui

- ooz

Fig. 11



